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Abstract 
To study the mechanisms of the reduced combustion duration of diesel- benzyl azide blend, a rapid mixing multi-
component vaporization model for hexadecane-benzyl azide droplets without liquid phase reaction was built and 
validated. Hexadecane was used as a representative for diesel to eliminate its multi-component effect. Comparisons 
of normalized squared droplet diameter and droplet temperature between numerical and experimental results were 
presented and discussed. The results show that the model gives an acceptable approximate prediction, and the 
difference between the vaporization rate of benzyl azide and hexadecane results in the slope variation of normalized 
squared droplet diameter curve, while the variation of the heat penetrated into droplet interior results in the slope 
variation of droplet temperature curve. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
To study the mechanisms of the reduced combustion duration of diesel-benzyl azide blend [1], 
investigation for a single droplet vaporization is necessary. Han et al. [2] investigated the diesel-benzyl 
azide blend droplet vaporization characteristics using suspended droplet device. The results showed that 
the liquid phase reaction of benzyl azides is the main reason of rapid vaporization. However, the 
differences between the physical properties of benzyl azide and diesel also affect the droplet vaporization. 
Therefore, a droplet vaporization model considering the differences of fuel’s physical properties should 
be built. In this study, combining the approaches of Abramzon and Sirignano [3] and Saha [4], a rapid 
mixing multi-component vaporization model for a single droplet will be built and validated. Hexadecane 
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will be used as a representative for diesel to eliminate its multi-component effect. Then the results section 
will delve into the vaporization characteristics of hexadecane-benzyl azide droplet. 
2.  Numerical 
A droplet vaporization model for hexadecane-benzyl azide blend without liquid phase reaction is 
presented in this section. The model is based on the same assumptions of Saha [4] except for spatially 
uniform liquid phase temperature and composition. The physical properties used in the computations are 
achieved from the previous publication [5]. The solution procedure is presented step by step below. 
(1) Calculate the molar fuel vapor fractions 
,i vsX and mass fuel vapor fractions ,i vsY  at the droplet 
surface based on Raoult’s law. 
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(2) Calculate the average physical properties in the gas film using the reference conditions (1/3 rule). 
(3) Calculate the non-dimensional parameters Re , 0Nu , 0Sh , 
*Nu  and *Sh , Spalding mass transfer 
numbers MB , and total mass vaporization rate m& and species mass vaporization rate im&. 
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(4) Calculate the heat transfer number TB  by applying an iterative procedure. 
( )1 1T MB B φ= + − ;
*
*
1pv
pg
C Sh
C Nu Le
φ = § ·§ ·¨ ¸¨ ¸© ¹© ¹ ;
g
g pg
k
Le
DCρ
=
                                                                   (3)
(5) Calculate the heat penetrated into the liquid phase LQ , surface temperature sT , and radius sr . 
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3. Results and discussions 
3.1. Validation 
The experimental study of hexadecane-benzyl azide blend droplets vaporization was performed in a 
suspended droplet device (see Fig. 1) at atmospheric pressure, ambient temperature of 512 K, and initial 
droplet diameter of 1.24 mm. Further details about the experimental arrangement can be found in Ref. [2]. 
The comparison between the numerical and experimental results is shown in Fig. 2 for the temporal 
evolution of the normalized squared droplet diameter (d2/d02) and droplet temperature of a 30% benzyl 
azides and 70% hexadecane droplet. The maximum relative error for normalized squared droplet diameter 
prediction is 8.1% and for droplet temperature is 3.7%. Given that the gap between the simplified model 
and the experiment, such as the heat transferred from thermocouple and the uniform liquid phase 
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temperature and concentration, the error is acceptable. The model is thus validated and can be applied to 
analyze the vaporization characteristics. 
Fig. 1. Schematic diagram of the experimental setup Fig. 2. Comparison between the experimental data and the 
numerical data 
3.2. Vaporization characteristics 
Fig. 3 to Fig. 5 show the evolution of vaporization rate, liquid phase mass fraction and vapor mass 
fraction. At the beginning of vaporization, benzyl azide vaporization rate increases much more rapidly 
due to the larger saturated pressure of benzyl azide than that of hexadecane. And it also can be seen from 
Fig 5, larger saturated pressure results in higher vapor mass fraction. Benzyl azide vaporization ends at 
the time of 22.6 s. After that, hexadecane liquid phase mass fraction equals to 1 and droplet vaporization 
rate equals to the hexadecane vaporization rate. Finally, droplet vaporization ends at the time of 29.6 s. 
The difference between the vaporization rate of benzyl azide and hexadecane results in the slope variation 
of normalized squared droplet diameter curve in Fig. 2. 
Fig. 6 shows the evolution of heat transfer rate items. Based on the energy conservation equation, the 
heat transferred from the hot environment has been consumed by the following 4 items: latent heat of 
benzyl azide, latent heat of hexadecane, heat for fuel vapor heating, heat penetrated into droplet interior. 
Initially, the heat penetrated into the droplet interior plays a dominant role. As the benzyl azide vapor 
concentration increases, the latent heat of benzyl azide and the heat for fuel vapor heating increase. After 
the benzyl azide vaporization ends, the latent heat of hexadecane and the heat for fuel vapor heating are 
the main parts of total heat transfer rate. Therefore, the heat penetrated into the droplet interior turns into 
0 W. The variation of the heat penetrated into droplet interior results in the slope variation of droplet 
temperature curve in Fig. 2. 
Fig. 3. Evolution of vaporization rate Fig. 4. Evolution of liquid phase mass fraction 
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Fig. 5. Evolution of vapor mass fraction Fig. 6. Evolution of heat transfer rate items 
4. Conclusions 
• The rapid mixing multi-component droplet vaporization model for hexadecane-benzyl azide droplets 
without liquid phase reaction gives an acceptable approximate prediction. 
• The difference between the vaporization rate of benzyl azide and hexadecane results in the slope 
variation of normalized squared droplet diameter curve. While the variation of the heat penetrated into 
droplet interior results in the slope variation of droplet temperature curve. 
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